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© Bloabsorbable coating for a surgical article. 

@ A bioabsorbab.e coating for a surgica. article comprises a ^^SfSJ £l ZZZZ 
caprolactcne and at least one other copolymerizable monomer. The surg,cal article can be 
suture or ligature. 
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A bioabsorbable coating for a surgical article comprises a copolymer ^ff"^ 6 ^^^ 
caprolactone and at least one other copolymerizable monomer. The surg.cal artcle can be a bioabsorbable 
suture or atgature. The surgical suture or ligature coated with the bioabsorbable copolymer has .mproved 

M ^SSS^Z^ of this invention has advantages over prior art coatings used with surgical 
sutures or ligatures. Specifically, sutures coated with the copolymer coating of this invention are less stiff 
than sutures using the coating described in the prior art. Also, the processes for coating a bioabsorbable 
urgicaJ article are not clearly described in the prior art. That is. the process of th.s '"vennon uses a 
copolymer manufactured from at least about 50 percent by weight of the monomer capro ac one and the 
remainder glycolide. Copolymers of these proportions are soluble in acetone, as contrasted with, for 
example, at least some if not all of the copolymers of lactide and glycolide discussed .n the pnor art. 
The use of a copolymer of caprolactone and glycolide as a suture is known in the pnor art 
The use of a copolymer of at least 90% by weight caprolactone and another b.odegradable monomer, 
e.g. glycolide. as a coating is disclosed in the prior art. The prior art also discloses a copolymer and a 
homopolymer of £ -caprolactone and as a suture coating, respectively. 

The bioabsorbable coating of this invention has superior and unexpected results over the known 
commercially.available surgical suture or ligature coatings. For example, the coating of this invention does 
not present a hazy appearance on a suture. The coating can be dissolved in acetone wh icti , seems to be 
less deleterious than other known solvents, for example, methylene chloride. Further, suture d™*^ 
such as knot-snug-in or repositioning, knot security, and tissue drag appear to be equal to. .f not better than 
suture coatings disclosed in the prior art. 

The copolymers described in this invention are random. The term random copolymer means the resu 
of a copolymerization reaction in which all of the monomers are charged into the reactor a ^ mult ^ eo ^ 
is to be understood that variations in reaction conditions can lead to some differences m the actual degree 
of randomness with respect to the distribution of comonomer units in a copolymer chain. 

A bioabsorbable coating for a surgical article has been invented. The coating comprises a random 
copolymer, from about 50 to 85 percent by weight of the copolymer, consisting of linkages of formula (I): 

t-0(CH 2 )si -] (0 
30 and the remaining linkages comprising at least one of the formulas (II) to (VIII): 

O 

[-OCHC-] wherein R is H or CH 3 (II) ; 

35 R 

o 
if 

[-OCH2CH2CH2OC -] (III); 

o 



20 



25 



40 



f-OCH 2 CH2OCH2C -] (IV); 
R 1 O 

[-OCH CH 2 C -] wherein r' is CH 3 or C 2 H 5 (V); 
o 

[-0(CH 2 )*C o -] (VI); 

45 II I 

[-OfCH 2 xOC - C -] wherein X is 2 to 6 (Vil); 
O O 

- -- 2 C -1 wherein X is 2 to 6 (VIII). 



50 



[-0<CH 2 )xOC CH 2 C -] wherein X is 2 to 6 t , 

in one embodiment the remaining linkages are selected from the group cons.st.ng of formulas ( and 
(111). In another embodiment the remaining linkages are selected from the group consistmg of formula (II). 

In a specific embodiment, the formula (II) is: 
O 

[-0-CH 2 - I -] 

in another specific embodiment, the formula (II) is: 
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n 

[-0-CH-C-] 
i 

CH 3 



TO 
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20 



25 



30 



35 



^ttobe Understood that the term strand as used in this invention can be e ttner a multifilament or a 

monofilament A multifilament is preferred. The ™» n ^^^ ,„ one embodi- 

The surgical article coated with the above described polymers can De ° ,oaD ~ rD , . ^ 
ment , the bLbsorbable surgical article is a suture or ligature. In a ^^^^ 
ligature is manufactured from a polymer prepared from one or "^^J^Z!^^^ ligature 
Consisting of .actides. carbonates and '-ton^.f the P*™?**™^ ^be ^ers^ L the 
and the copolymer in the coring are prepared from ft. same J£J"JJ* or is noncrystalline, that is 
SI.: X bT^rSlS £jXT* — » - descry of fte 

embodiment, the suture or ligature is 
from the monomer glycolide. In another more specific e ™ b f m f ft e 
from a homopolymer prepared from the monomer lact.de Jn yet anot j£^ 8 J£j^ li3 ^ 

z ~ 

U °TsZr:i£" in — ntarv form. ,n a specific ™«^^^^ 
ah „. f i/io to 5% bv weiqht of the coated multifilamentary suture or hgature. In a more specmc 
about 1/10 to 5/= by we.gnt or ins , oo multifilamentary suture or 

embodiment, the coating comprises about 1/2 to 3/. by we.gm or to wei ghtof 
ligature. In the more specific embodiment, the coating can compnse up to about 1 1/2 percent by we.g 
the coated multifilamentary suture or ligature. nmrnss comDrises 

A process for coating a bioabsorbable surgica. article has a!s o bee-nve "Jed^ Process compnses 
dissolving in acetone a random copolymer, from about 65 to 85 percem oy a 
consists of linkages of formula (I): 
o 

aSe^emaining linkages comprise at least one of the formulas (II) and (III): 
O 

[-OCHC-] wherein R is H or CH 3 <H> ' 



artic.'e'with the dissolved copolymer; maintaining the ^™^ n ^ 

by^i^ 

the coated strand. For a coating comprising more than about 2 percent to about 4 percent by ^we.g . 
coated strand, two passes are generally found to give a more uniform coring level. For coaung levels from 
55 4 to 5 percent, three passes will probably give the most uniform coating level. 
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all of the monomers are charged into a reactor simultaneously. It is to be understood that variations in 
reaction conditions can lead to some differences in the actual degree of randomness with respect to the 
distribution of comonomer units in a copolymer chain. 

A bioabsorbable coating tor a surgical article comprising a block copolymer has also been invented, 
s The block copolymer has one or more blocks manufactured from the monomer caprolactone. In one 
embodiment, the caprolactone is t -caprolactone. In another embodiment the copolymer is a diblock 

copolymer. , . . 

In a preferred embodiment, the copolymer has one or more A blocks solely manufactured from the 
monomer caprolactone. and one or more B blocks manufactured from one or more monomers selected 
jo from the group consisting of lactides. carbonates, lactones and oxalates, with the proviso that .n the latter 
one or more B blocks, caprolactone can only be used with another monomer. In a further embodiment, the 
inherent viscosity of the block copolymer is about 0.1 to 1.0 dl/g (0.5 g/dl in CHCb. 30 C), the melting 
point of the block copolymer is less than 70" C. and the block copolymer is soluble in acetone or methylene 

chloride. . . 

;s In a specific embodiment, the coating comprises a block copolymer consisting of one or more A blocks 

of formula (I): 
o 

f C(CH2)s C "3 {0 

and the' remaining one or more B blocks comprising one or more of the formulas (II) to (VI), either alone or 
.20. in combination with formula (I): 

O 

[-OCHC-] wherein R is H or CH 3 (II) /* 



25 



30 



35 



45 



I 

R 



t-CCH2-CH 2 CH 2 OC -] (III); 
? 

[-OCH2CH2OCH2C -] (IV); 



R' 0 

[-OCH CH 2 C -] wherein R' is CH 3 or C2H5 (V); 
o 

[-0(CH 2 )*C -] (VI), , , . , 

the total amount of formula (I) in the copolymer being more than 50 to about 80 percent by weight of said 

copolymer. 

In one embodiment the remaining one or more B blocks consist of formulas (I) and (II). In another 
embodiment the remaining one or more B blocks consist of formulas (II) and (III). 
In a specific embodiment, the formula (II) is: 
O 

40 II 

[-0-CH 2 -C -]. 

The surgical article coated with the above-described polymers can be bioabsorbable. In one embodi- 
ment, the bioabsorbable surgical article is a suture or ligature. In a specific embodiment, the suture or 
ligature is manufactured from a polymer prepared from one or more monomers selected from the group 
consisting of lactides. carbonates and lactones. If the polymer in the suture or ligature and the copolymer in 
the coating are prepared from the same monomers, it is to be understood that the copolymer in the coating 
has a melting point less than about 70* C and is soluble in acetone or methylene chloride. It is to be further 
understood that this description applies by implication to the description of the invention in the claims. 

In a more specific embodiment, the suture or ligature is manufactured from a homopolymer prepared 
CQ from the monomer glycolide. In another specific embodiment, the suture or ligature is manufactured from a 
w polymer prepared from at least the monomer lactide. In yet another more specific embodiment, the suture 
or ligature is manufactured from a copolymer prepared from the monomers glycotide and 1 .3-dioxan-2-one. 
In a further specific embodiment, the suture or ligature is manufactured from a copolymer prepared from 
the monomers glycolide and lactide. 

The suture or ligature can be in multifilamentary form. In a specific embodiment, the coating comprises 
° about 1/10 to 5% by weight of the coated multifilamentary suture or ligature. In a more specific 
embodiment, the coating comprises about 1/4 to 3% by weight of the coated multifilamentary suture or 
ligature. In the more specific embodiment, the coating can comprise up to about 2 1/2 percent by weight of 
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the coated multifilamentary suture or ligature. 

A coating process for a bioabsorbable surgical article comprises dissolving In acetone a block 
copolymer having one or more A blocks manufactured solely from the monomer caprolactone and one or 
more B blocks manufactured from the monomers: caprolactone and glycolide. where the glycolide in the 

s one or more 8 blocks comprises up to 50 percent by weight of the copolymer and up to about 65 percent 
by weight of said B blocks; contacting the surgical article with the dissolved copolymer; maintaining the 
contact between the surgical article and the dissolved copolymer until the copolymer on the article 
comprises from about 1/10 to 5% by weight of the coated surgical article; removing the coated surgical 
article from the dissolved copolymer; and drying the copolymer coating on the surgical article. 

to In one embodiment, the caprolactone is «-caprolactone. 



DESCRIPTION 

75 

I. Random Copolymer Coating 



20 The following examples describe the best mode of making and using the random copolymer coatings of 
this invention. Unless otherwise specified, all of the inherent viscosity (jjinh) measurements in the examples 
were conducted at 30 *C. Inherent viscosities are expressed in units of deciliters per gram (dl/g). The 
solution concentrations used to measure ijinh are expressed in units of grams of polymer per deciliter of 
solution and are set in parentheses following the Tjinh value. The solvents used were either chloroform 

25 (CHCI3) or hexafluoroacetone sesquihydrate (HFAS). 

A description of inherent viscosity using the nomenclature described above is disclosed in the prior art. 



COMPARATIVE EXAMPLE 1 

30 



c-Caprolactone Homopolymer * 

35 

A sample of e-caprolactone homopolymer was purchased from Scientific Polymer Products, Inc. The 
sample ^inh was measured as 0.27 dl/g (0.5 g/dl in CHCI 3 ). GPC analysis in CH 2 Ci 2 using polystyrene 
standards gave MW = 17,600 and MN = 8500. 

COMPARATIVE EXAMPLE 2 



45 Synthesis of e-Caprolactone Homopolymer 



^-Caprolactone (lOg, 0.088 mole), lauryl alcohol (0.1 22g, 6.57 x 10"* mole) and stannous chloride 
dihydrate (0.988 mg, 4.38 x 10~ 6 mole) were combined in a flask. The flask was flushed with nitrogen and 
so evacuated. The flask was heated at 135* C in an oil bath for 24 hours. The resulting polymer had an rjinh of 
0.53 dl/g (0.5 g/dl in HFAS). GPC analysis in CH 2 CI 2 using polystyrene standards gave MW = 65,200 and 
MN = 26,900. 



EXAMPLE 3 
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Synthesis of t-Caprolactone-1 -Lactide Copolymer 

«-Caprolactone (212.5g, 1.86 mole), 1-lactide (37.5 g, 0.26 mole), lauryl alcohol (4.10 ml, 0.018 mole) 
and stannous chloride dihydrate (35.9 mg, 1.59 x 10" 4 mole) were combined in a stirred reactor under 
nitrogen at 175* C. The mixture was stirred at 175* C for 3 hours. The resulting polymer had a composition, 
as determined by j H NMR, of 84 wt. % €-caproiactone and 16 wt % 1-lactide. The inherent viscosity of the 
copolymer was 0.50 dl/g (0.5 g/dl in CHCI 3 ). 



EXAMPLE 4 



75 Synthesis of c-Caprolactone-1-Lactide Copolymer 

s-Caprolactone (30.0 g, 0.26 mole), 1-lactide (170.0g, 1.18 mole), lauryl alcohol (5.1 Og, 2.74 x 10 -2 
mole) and stannous chloride dihydrate (0.0162 g, 7.2 x 10" 5 mqle were combined in a stirred reactor under 
20 nitrogen at 180* C. The mixture was stirred at 180* C for 3 hours. The resulting polymer had a composition, 
as determined by 1 H NMR, of 13 wt. % «-capro lactone and 87 wt. % 1-lactide. The jjinh was 0.27 dl/g (0.5 
g:dl in CHCI 3 ). 

25 EXAMPLE 5 



Synthesis of g-Caprolactone-Trimethylene Carbonate Copolymer 



<-Caprolactone (8.0 g, 0.070 mole), trimethylene carbonate (2.0 g, 0.020 mole), laurel alcohol (0.283 g, 
1.52 x 10~ 3 mole) and stannous chloride dihydrate (2.02 mg, 8.91 x 10" 6 mole) were combined in a flask. 
The flask was flushed with nitrogen, evacuated and sealed. The flask was heated at 135* C for 24 hours. 
35 The resulting polymer had a composition, as measured by *H NMR, of 86 wt. % e-caprolactone and 14 wt. 
% trimethylene carbonate. The Tjinh of the copolymer was 0.26 dl/g (0.5 g/dl in HFAS). 



EXAMPLE 6 



Synthesis of e-Caprolactone- Trimethylene Carbonate Copolymer 



€-Caprolactone (40 g, 0.35 mole), trimethylene carbonate (10 g. 0.098 mole), Isuryl alcohol (1.42 g, 7.6 x 
10~ 3 mole) and stannous chloride dihydrate (10.1 mg, 4.5 x 10* 5 mole) were combined in a flask and 
heated for 24 hours under nitrogen at 135* C. The resulting polymer had an inherent viscosity of 0.42 dl/g 
(0.5 gdl in HFAS). The composition was determined by 'H NMR to be 86 wt. % caprolactone and 14 wt. % 
so trimethylene carbonate. 



EXAMPLE 7 



Synthesis of t-Caprolactone-Glycolide Copolymer 
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«-Caprolactone (170 g, 1.49 mole), glycolide (30 g. 0.26 mole), lauryl alcohol (1.37 g, 7.3 x 10' 3 mole) 
and stannous octoate (0.052 g, 1.2 x 10"* mole) were combined in a stirred reactor under nitrogen at 
180* C. The mixture was stirred at 180* C tor 4.5 hours. The resulting polymer had an inherent viscosity of 
0.68 dl/g (0.5 g/dl in CHCIa). The composition was determined by 1 H NMR to be 85 wt. % <-caprolactone 
and 15 wt% glycolide. 
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EXAMPLES 8-19 



Synthesis of Caprolactone-Glycolide Copolymers 



75 A series of random copolymers of <-capro!actone and glycolide was prepared by the general procedure 
described in example 7. The bulk polymerizations were carried out in a stirred reactor under a slow nitrogen 
purge. The resulting polymers were dried in vacuum to remove residual monomer. 

Specific preparative details and properties of the resulting polymers are summarized in Table 1. 
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Table 2 summarizes the in vitro performance for the coatings of this invention. 

Table 2 

Tn Vitro Coatinc Performance 

Suture 

Coated Wt.% Knot m Snugrte 
with Cap in Wt.% ... Run-down^ ' Work v ' 

*Sram«1* vmAi- Hn*t:*nff C ' Wet 0<g mm) 




Control 0 


0 


L 


- 


75 


1 100 


1 


R/L 


- 






2 


aU 








3 


RC 


- 




2 100 


1 


L 


- 


20 




2 


Li 








3 


L 


- 




3 84 


0.2 


R 


- 






0.3 


R 




25 




0.5 


R 








0.6 


R 


- 






1.0 


R 


- 






1.2 


Rtf 


- 






1.6 


&W 




30 




2.4 


RW 


- 




4 13 


3 


L 


- 




5 86 


1 


RW 




35 




2 


RW 








3 


RW 






6 86 


1 


RW 








2 


RW 




40 




3 


RW 






7 85 


0.7 


RC 








1.1 


RW 








1.2 


RW 




45 




, 1-7 


RW 






8 84.1 


0.8 


RW 








1.5 


RW 








1.8 


RW 





Security 
Work^ ; 
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Table 2 (continued) 
Tn Vitro Coating Perf ormance 

Suture 

Coated Vt.% Knot* Saug ? in Security 

with Cap in Vt.% rn Run-dovn^ ; Vork^ ' Vork^ 

Example Copolymer Coating 1 } Vet (Teg, «ra). f fc E ^ 



9 

* 


85.2 


0.2 
0.9 
1.6 
2.2 


RC 
RV 
RV 






10 


84.7 


0.8 
1.5 
2.1 








U 


84.3 


1.3 
2.1 
3.0 


RLT 
. RD/L 
RD 






12 


94*. 8 


0.72 
1.53 
2.11 


RC 
RC 
RC 


29.16 ± 3.18 
26.24 ± 1.55 
21.77 ± 2.78 


22.08 ± 3.14 
22.02 ± 0.54 
23.82 ± 1.04 


13 


89.4 


0.75 
1.54 
2.28 


R 
R 
RV 


12.24 ± 8.53 20.85 ± 1.43 
13.55 ± 11.00 22.28 ± 0.98 
20.33 + 7.90 21.49 ± 1.11 


14 


86.8 


0.76 
1.49 
2.24 


R 

RV 

RV 


A. 66 ± 0.87 
7.12 ± 1.65 
8.46 ± 3.34 


15*39 ± 1.76 
17.89 ± 0.75 
19.25 ± 0.75 


15 


84.3 


0.76 
1.49 
2.22 


RV 
RV 
RV 


7.56 + 3.75 
4.37 ± 1.95 
9.94 ± 4.10 


12.46 + 2.05 
14.79 ± 1.74 
14.50 ± 1.96 


16 


79.1 


0.81 
1.59 
2.36 


RV 
RV 
RV 


1.82 ± 0.98 
1.99 ± 0.59 
2.03 ± 0.98 


9.79 ± 1.75 
11.16 ± 1.44 
11.90 ± 1.90_ 


17 


68.6 


0.73 
1.36 
2.07 


RV 

R 

R 


4.73 ± 3.21 
1.52 ± 0.49 
5.35 ± 3.62 


13.83 ± 1.26 
14.12 ± 1.47 
14.61 ± 1.20 


18 


47.0 


0.71 
1.38 
2.06 


RD/RC 
RD/RC 
RD/RC 


29.39 ± 1.81 
31.15 ± 0.88 
28.02 ± 1.58 


20.09 ± 1.99 
20.61 ± 1.50 
18.84 ± 1.72 _. 


19 


36.3 


1.71 
3.07 
4.54 


RD 
L/RTJ 
L/RTJ 


44.39 ± 1.30 
45.47 + 2.90 
39.20 ± 5.21 


23.09 ± 0.45 
23.67 ± 0.33 
23.59 ± 0.49 
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25 



30 



TABLE 2 FOOTNOTES 

(1) The coatings were applied by hand dipping 1/0 polyglycollc acid braid in a 3% (wt/vol.) polymer 
solution in acetone for examples 1, 2. 4. 5. and 6. Coating levels for these examples were rounded to the 
nearest integer. Examples 3. 7. 8, 9. 10. and 11 were coated from a 2% (wtrVol.) solution in acetone using a 
capillary coating machine. The remainder of the samples were machine coated from a 3.5% (wtArol.) 
solution in acetone or methylene chloride (example 19 only). 

(2) Square knots were formed in the coated 1/0 polygly colic acid braid using a conventional suture 
tying board. The knot was then run down to the board to assess the stick-slipping of the knot (chatter) as it 
runs down and to assess the force required to initiate and sustain the run-down. The abbreviates are: R. 
Runs; U Locks; RC. Runs with Chatter; RO, Runs with Difficulty; RU. Runs with Unpredictably; RW. Runs 
Well. The comparisons are made on suture wet with saline. 

(3) This test measured the ability of a suture (in this case 1/0 polyglycolic acid) to be snugged-.n. A 
loop is passed around a steel rod and tied with a square knot. The knot is set to a prescribed tension with 
an Instron tester, and the tension is then removed. After resetting the gage length and removing the steel 
rod the loop is tested to break. The force and crosshead movement are recorded by an attached computer 
which calculates the work needed to move the crosshead 15 mm. Samples were tested immediately after 
30 seconds immersion in saline solution (0.9% NaCI in distilled water). 

The tensions used to set the knots, and all the other conditions of knot tying and testing, are practical 
laboratory conditions. - but may not correspond to actual surgical practice. The knot snug-.n may not 
correlate with clinical experience. 

(4) A strand (in this case 1/0 polyglycolic acid) is tied to itself to form a loop using a square + i 
knot The second and third throws of the knot are set to a prescribed tension, the loop is cut. and the cut 
ends are clamped in the jaws of an Instron tester. In the same way as was described above for snug-in. the 
work required to move the crosshead 10 mm is determined. Samples are tested immed.ately after 30 
seconds immersion in saline solution. 

Table 3 summarizes the in vivo performance for some of the bioabsorbable coatings of this invention. 

TABLE 3 * 
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IN VIVO COATING EVALUATIONS' 1 ' 



Coating 


Wt.% 


Knot 


Knot Security 141 


Polymer 


Coating* 21 


Repositioning 






From: 




Ability* 31 












Category: 1 


2 


Control 


0 


0/8 


4/4 


0/4 


Example 3 


0.6 


7/18 


14/14 


0/14 




1.2 


12/18 


13/17 


4/17 




1.8 


10718 


16/18 


2/18 




2.4 


8/18 


15/17 


2/17 


Example 7 


1.2 


31/33 


17/32 


15/32 


1.8 


27/27 


20/27 


7/27 


Example 9 


1.7 


24/24 


15/24 


9/24 
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TABLE 3 FOOTNOTES 



(1) Coated, needled and sterilized sutures were tested in dogs. 
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(2) The coatings were applied to 1/0 polyglycolic acid braid from a 2% (wt-'vol.) solution of the 
coating material dissolved in acetone. 

(3) A suture coated with the test material is passed through two sides of a wound in the animal. A 
square knot is formed in the suture approximately 12-15 mm from the final knot position required to close 

5 the wound. The two ends of the suture are then pulled to slide the knot into position. Knots that slide 
properly are rated 1 while knots that fail to move into position are rated 0. The rating for a coating is the 
sum of the "1 " ratings divided by the total number of test specimens. 

(4) Immediate knot security is determined by using a pair of curved tweezers to tug at the 8 to 10 
mm length of the ears of a square knot with two additional throws. Knots that are secure when manipulated 

70 are rated 1 . knots with a loose top throw are rated 2, knots with an open top throw are rated 3 f and knots 
that are not secure when manipulated are rated 4. The number of knots falling into each category is then 
divided by the total number of test specimens to provide a rating in each category. No values for categories 
3 or 4 were reported for these examples. 

75 

II. Block Copolymer Coating 

The following examples describe the best mode of making and using the block copolymer coatings of 
20 this invention. Unless otherwise specified, all of the inherent viscosity (Tjinh) measurements in the examples 
were conducted at 30 *C. Inherent viscosities are expressed in units of deciliters per gram (dl/g). The 
solution concentrations used to measure ijinh are expressed in units of grams of polymer per deciliter of 
solution and are set in parentheses following the Tjinh value. The solvents used were either chloroform 
(CHCh) or hexafluoroacetone sesquihydrate (HFAS). 
25 A description of inherent viscosity using the nomenclature described above is disclosed in the prior art. 
It is to be understood that an increase in the inherent viscosity of the copolymer will provide for an 
increase in the knot security but also an increase in the absorption time of the coated surgical article and in 
the work required to reposition a knot. 

The term block copolymer described in this invention means a copolymer with a non-random 
30 distribution of comonomer units along the chain. A convenient shorthand notation to describe different block 
" architectures utilizes alphabetic symbols for the individual block segments. The number and types of 
comonomer units within a block segment can be specified. For example. AB represents a diblock 
copolymer, ABA or BAB represents a triblock copolymer. More complex architectures such as tetrablocks 
or pentablocks, etc., can also be described using this notation, e.g. ABABA. A multiblock copolymer can be 
35 represented as {AB> n . If more than two types of blocks are present, additional alphabetic symbols can be 
defined. 

Block copolymers are formed in this invention by the sequential addition of comonomers or mixtures of 
comonomers to a reactor. It is believed that with this type of preparation method, there can be a distribution 
of block size and block composition and that the chain architecture can be compromised by ester 
*o interchange reactions. 

EXAMPLE 20 

Synthesis of €-Caprolactone-(6-Caprolactone-Giycolide) AB Block Copolymer 

f.-CaproIactone (80g, 0.70 mole), lauryl alcohol (1.585 mi, 6.6 xJ0~ 3 mole) and stannous octoate (39,5 
50 ul, 1.22 x 10~ 4 mole) were combined in a stirred reactor at 180* C. The mixture was stirred while the 
temperature was increased to 200* C over 8 min. and stirring was continued for 1.5 hours. Glycolide (60g, 
0.52 mole) and e-Caprolactone (60g, 0.53 mole) were added and the temperature was reduced to 180 C. 
Stirring was maintained for 2 hours longer. The copolymer was discharged from the reactor and was dried 
in a vacuum oven for 24 hours at about 50 *C to remove residual monomer. The analyzed properties of the 
55 resulting copolymer are listed in Table 4, Section A. 

EXAMPLES 21-33 
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TO 



75 



Synthesis of €"Caprolactone-(g-Caprolactone-Glycolide) AB Block Copolymers 

A series of € -caprolactone-glycolide copolymers was prepared by the general procedure described in 
Example 20, although the polymerization temperature was maintained at about 180 C throughout the 
reaction in these examples. Specific preparative details and properties of the resulting copolymers are 
summarized in Table 4, Section A. 

EXAMPLES 34-37 



Synthesis of € -Caprolactone-(Glycolid9-1,3-Oioxan-2-one) AB Block Copolymers 



A series of copolymers containing e,-caprolactone, glycolide and 1 ,3-dioxan-2-one were prepared by the 
20 same general procedure described in Example 20, with the exception that the second charge contained 
glycolide and 1,3-dioxan-2-one. The temperature was held at about 180* C throughout the reaction in each 
of these examples. Specific preparative details and properties of the resulting copolymers are summarized 
in Table 4, Section B. 
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Table 5 summarizes the in vitro performance for the bioabsorbable coatings of this invention. 
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TVhlo S f Section a. 

In Vitro Coating- Performance of 
5 Czo/Glv AP nrcolvmers 

(2) (3) Ba«i C 4) 

—15am SNOG-IN— — lOnsa 82031015:— Tested* 1 

io ^ % <1) HQRK WORK Wet Shot 

Example Ccatira <Ta mi) s. DEV. f Kfr imn) S. DEV. Run D*m . 
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Table 5 r a ction A 
(concfcinaed) 

In Vitro Coating Performance of 
r^ymy AB Oooolvrners 



(2) ( 3 ) EstA U) 

_10naa SECDKCIY— Tested v 

Wet Knot 

Run Dcwn_ 



Example 




WORK 


S. DEV. 


W3KK 
(Vet ma) 


S. DEV. 
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1.35 
1.94 


7.79 
7.44 
9.17 


5.53 
4.84 
1.47 


14-06 
14.95 
16.02 


3.21 
3.81 
1.88 


32 
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1.38 
1.95 


10.31 
16.66 
14.39 


8.07 
3.76 
1.28 


16.18 
16.49 
17.44 


1.74 
1.56 
2.01 


33 
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16.46 
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3.04 
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T^ble 5 , S ection B 

In Vitro Coating Performance 
of tep/Glv/i^^ioxav -^-^a AB Oopolyioers 
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Example * DiPS (1) Knot Bun Down* 
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35 1 
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36 1 
2 
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TABLE 5 FOOTNOTES 



R 
R 

R 
R 
R 

R 
R 
R 

R 
R 
R 



35 (1) The coatings were applied to 1/0 polyglycolic acid braid from a 3.5% (wt/vol.) solution of the 

coating material dissolved in acetone using a capillary coating machine (all Section A copolymers) or hand 
dipped in a 3.0% (wt/vol) solution in methylene chloride (all Section B copolymers). 

(2) This test measures the ability of a suture to be snugged-in. A loop is passed around a steel rod 
and tied with a square knot The knot is set to a prescribed tension with an Instron tester, and the tension is 

40 then removed. After resetting the gage length and removing the steel rod. the loop is tested to break. The 
force and crosshead movement are recorded by an attached computer which calculates the work needed to 
move the crosshead 15 mm. Samples are tested immediately after 30 seconds immersion in saline solution 
(0.9% NaCI in distilled water). The number of specimens used in this test was 5. except for the uncoated 
braid, which used 3 specimens. 

^ s The tensions used to set the knots, and ail the other conditions of knot tying and testing, are practical 
laboratory conditions, but may not correspond to actual surgical practice. The knot snug-in may not 
correlate with clinical experience. 

(3) A strand is tied to itself to form a loop using a square + 1 knot. The second and third throws of 
the knot are set to a prescribed tension, the loop is cut, and the cut ends are clamped in the jaws of an 

50 Instron tester. In the same way as was described above for snug-in, the work required to move the 
crosshead 10 mm is determined. Samples are tested immediately after 30 seconds immersion in saline 
solution. The number of specimens used in the test was 10. 

(4) Square knots were formed in hand-dipped (Section B) or machine coated (Section A) 1- ; 0 
polyglycolic acid braid using a conventional suture tying board. The knot was then run down to the board to 

55 assess the stick-slipping of the knot (chatter) as it runs down and to assess the force required to initiate and 
sustain the run-down. The abbreviations are: R, Runs; L Lock; RC, Runs with Chatter; RD. Runs with 
Difficulty; RU. Runs with Unpredictability; RW, Runs Well. The comparisons are made on suture wet with 
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saline. 



Table 6 summarizes trie in vivo performance for some of the bioabsorbable coatings of this invention. 

Table 6 
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In Vivo Coating Evaluations 0 * 



Coating Polymer 
From: 


Wt. 

Coating 


Knot 
Repositioning 13 * 
Ability 


Knot Security* 4 ' 








Category: A 


B 


Uncoated Braid 


0 


0/8 


4/4 


0/4 


Example 20 


0.94 


4/5 


5/5 


0/5 


1.54 


4/5 


5/5 


0/5 




2.57 


5/5 


5/5 


0/5 


Example 21 


1.39 


10/10 


9/10 


1/10 


2.24 


10/10 


9/10 


1/10 


Example 22 


1.37 


10/10 


10/10 


0/10 


2.04 


. 10/10 


7/10 


3/10 


Example 23 


1.77 


10/10 


10/10 


0/10 


1.91 


10/10 


10/10 


0/10 


'Example 24 


1.34 


10/10 


10/10 


0/10 


1.93 


10/10 


9/10 


1/10 
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TABLE 6 FOOTNOTES 
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(1) Coated, needled and sterilized sutures were tested in dogs. 

(2) The coatings were applied to 1/0 polyglycolic acid braid from a 3.5% (wt/vol) solution of the, 
coating material dissolved in acetone using a capillary coating machine. 

(3) A suture coated with the test material is passed through two sides of a wound in the animal. A 
square knot is formed in the suture approximately 12-15 mm from the final knot position required to close 
the wound. The two ends of the suture are then pulled to slide the knot into position. Knots that slide 
properly are rated 1 while knots that fail to move into position are rated 0. The rating for a coating is the 
sum of the "1" ratings divided by the total number of test specimens. 

(4) Immediate knot security is determined by using a pair of curved tweezers to tug at the 8 to 10 
mm length of the ears of a square knot with two additional throws. Knots that are secure when manipulated 
are rated 1, knots with a loose top throw are rated 2. knots with an open top throw are rated 3, and knots 
that are not secure when manipulated are rated 4. The number of knots falling into each category is then 
divided by the total number of test specimens to provide a rating in each category. Samples rated 1 or 2 
are designated A in the table, those rated 3 or 4 are designated B. 



EXAMPLE 38 

50 



Synthesis of t-Caprolactone-t-Lactide AB Block Copolymer 



55 c-Caprolactone (55 g. 0.482 mole), lauryl alcohol (0.148 g. 7.92 x 10- mole) and stannous chlor.de 
dihydrate (7.19 mg, 3.19 x 10" s mole) were combined in a stirred reactor at 154 C. The mixture was 
stirred for 2 hours at 162* C to 172* C. 1-Lactide (83 g, 0.58 mole) was added and the temperature was 
gradually increased to 220* C. The mixture was stirred for 1 hour. More 1-lactide (77 g, 0.53 mole) was 
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added. The mixture was stirred for 1 hour. The resulting copolymer Tjinh was 1.15 dl/g (0.5 g/dl in HFAS). 
The composition, as measured by -H NMR was 27 wt. % caprolactone and 73 wt % lactide. 



10 



EXAMPLE 39 



Synthesis of € -Caprolactone-1 -Lactide AB Block Copolymer 



75 



e-Caprolactone (112 g, 0.98 mole), lauryl alcohol (0.193 g, 8.5 x 10 -4 mole) and stannous chloride 
dihydrate (19.15 mg, 8.5 x 10~ s mole) were conbined in a stirred reactor at 162* C. The mixture was stirred 
at 162' C. for 6 hours. The temperature was increased to 180* C. and 16 g of 1 -lactide was added (0.11 
mole). The temperature was gradually increased to 220* C. over 1 hour and then 84 g 1 -lactide was added. 
The mixture was stirred for 45 min. The resulting polymer had an inherent viscosity of 1 .26 dl/g (0.5 g/dl in 
HFAS). The composition was determined by 1 H NMR to be 53 wt. % caprolactone and 47 wt. % lactide. 
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EXAMPLE 40 
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Synthesis of e-Caprolactone- 1 -Lactide ABA Block Copolymer 



35 



e-Caprolactone (55 g. 0.482 mole), diethyiene glycol (0.201 g, 1.90 x 10" 3 mole) and stannous chloride 
dihydrate (7.19 mg, 3.19 x 10" 5 mole) were combined in a stirred reactor at 154* C. The mixture was 
stirred for 2 hours at 162* C. to 172* C. 1-Lactide (20 g, 0.14 mole) and stannous chloride dihydrate (7.19 
mg, 3.19 x 10" 5 moie) were added and the temperature was gradually increased to 220* C. The mixture 
was stirred for 0.5 hours. More 1 -lactide (140 g, 0.97 mole) was added. The mixture was stirred for 1 hour. 
The resulting copolymer jjinh was 1.29 dl/g (0.5 g/dl in HFAS). The composition, as measured by 'H NMR, 
was 26 wt. % caprolactone and 74 wt. % lactide. 

Table 7 summarizes the in vitro performance for the bioabsorbable coatings of this invention. 

TABLE 7 
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45 



IN VITRO COATING PERFORMANCE 


Coating 


#Dips (1) 


Hand Tested Wet 


Polymer 




Knot Run Down t2) 


From; 






Example 38 ^ 


1 


L 


Example 39 


1 


RD 


Example 40 


1 


L 



50 



TABLE 7 FOOTNOTES 



(1) The coatings were applied to 1/0 polyglycolic acid braid by hand dipping in a 2% (wt'vol.) solution 
of the coating material dissolved in methylene chloride. 
55 (2) Square knots were formed in hand-dipped 1/0 polyglycolic acid braid using a conventional suture 

tying board. The knot was then run down to the board to assess the stick-slipping of the knot (chatter) as it 
runs down and to assess the force required to initiate and sustain the run-down. The abbreviations are: R, 
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Runs; L f Locks; RC. Runs with Chatter; RD, Runs with Difficulty; RU. Runs with Unpredictability; RW, Runs 
Well. The comparisons are made on suture wet with saline. 



Claims 

1 . A surgical article having improved knot repositioning characteristics, the article comprising a strand, 
the strand having a bioabsorbable coating, the coating selected from the group characterized by a random 
w copolymer, from about 65 up to 70 percent or from about 80 up to 85 percent by weight of the copolymer 
consisting of linkages of formula (I): 

[-0(CH 2 )5? •] (I) 

and the remaining linkages comprising at least one of the formulas (II) to (VIII): 
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O 

-OCHC- ] wherein R is H or CH 3 (II) 



o 

[-OCH 2 CH 2 CH 2 oi -] (III); 
? 

[-OCH 2 CH 2 OCH 2 C -] (IV); 

25 ft 

[-OCH CH 2 C -] wherein R is CH 3 or C 2 H 5 (V): 

? 

[-0(CH 2 )*C -] (VI); 
O p 

[-0(CH 2 ) x OC - <J -] wherein X is 2 to 6 (VII); and 
[-0(CH 2 ) x O& CH 2 C -] wherein X is 2 to 6 (VIII); or 

characterized by a block copolymer having one or more A blocks solely manufactured from the monomer 
caprolactone, and one or more B blocks manufactured from the monomer caprolactone randomly ■ 
copolymerized with one or more monomers selected from the group consisting of lactides, carbonates and 
a lactone other than caprolactone, the total caprolactone linkages in the copolymer being more than 50 to 
about 80 percent by weight of said copolymer. 

2. The article of claim 1 characterized by a random copolymer, wherein said remaining linkages are 
selected from the group consisting of formulas (II) and (111). 

3. The article of claim 2 comprising a surgical suture or ligature having a bioabsorbable, multifitamen- 
tary strand manufactured from a polymer prepared from one or more monomers selected from the group 
consisting of glycolide, lactide, t ,3-dioxan-2-one and 1,4-dioxan-2-one, the coating characterized by a 
random copolymer, wherein the remaining linkages comprise at least the formula (II): 

O 
II 

45 [OCH 2 C -] (II). 

4. The article of claim 3 wherein Ihe formula (I) is from about 65 up to 70 percent by weight of the 
coating copolymer. 

5. The article of claim 2 or 3 or 4 wherein the inherent viscosity of said coating copolymer is about 0.2 
to 1.4 dl/g (0.5 g/dl in CHC! 3 , 30* C). 

6. The article of claim 1 comprising a surgical suture or ligature having a bioabsorbable, multifilamen- 
tary strand manufactured from a polymer prepared from one or more monomers selected from the group 
consisting of glycolide, lactide. 1 ,3-dioxan-2-one and 1 ,4-dioxan-2-one, the coating characterized by a block 
copolymer having one or more A blocks comprising caprolactone, wherein the caprolactone in the one or 
more A blocks is about 40 percent by weight of the copolymer, and one or more B blocks manufactured 
from the monomer caprolactone randomly polymerized with one or more monomers selected from the 
group consisting of lactides, the total caprolactone linkages in the copolymer being about 70 percent by 
weight of said copolymer, wherein the inherent viscosity of the coating copolymer is about 0.4 to 0.8 dl/g 
(0.5 g/gl in CHCb, 30* C). 
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7. The article of claim 1 comprising a surgical suture or ligature having a bloabsorbable. multifilamen- 
tary strand manufactured from a polymer prepared from one or more monomers selected from the group 
consisting of glycolide, lactide, 1 ,3-dioxan-2-one and 1 ,4-dioxan-2-one. the coating comprising a block 
copolymer having one or more A blocks comprising caprolactone. wherein the caprolactone in the one or 
s more A blocks is about 40 percent by weight of the copolymer, and one or more B blocks manufactured 
from one or more monomers selected from the group consisting of lactides, carbonates and a lactone other 
than caprolactone, the total caprolactone linkages in the copolymer being about 70 percent by weight of 
said copolymer, wherein the inherent viscosity of the coating copolymer is about 0.1 to 0.4 dl/g (0.5 g/gi in 
CHCb, 30' C). 

io 8. The article of claim 1 or 2 or 3 or 4 or 6 or 7 wherein said coating comprises about 1/10 to 5 percent 
by weight of the coated strand. 

9. A process for coating the article of claim 3 or 4 comprising dissolving in acetone the random 
copolymer; 

contacting the suture or ligature with the dissolved copolymer; 
;s maintaining the contact between said suture or ligature, and said dissolved copolymer until the copolymer 
comprises from about 1/10 to 5% by weight of the coated suture or ligature; 
removing said coated suture or ligature from said dissolved copolymer; and 
drying the coating on said suture or ligature. 

10. A process for coating the article of claim 1 comprising a bioabsorbable, muitifilamentary surgical 
20 suture or ligature comprising: 

dissolving in acetone the block copolymer having one or more A blocks solely manufactured from the 
monomer caprolactone and one or more B blocks manufactured from the monomers caprolactone and 
glycolide, wherein the glycolide in the one or more B blocks comprises up to 50 percent by weight of the 
copoiymer and up to about 65 percent by weight of said B blocks; 
25 contacting the suture or ligature with the dissolved copolymer; 

maintaining the contact between said suture or ligature, and said dissolved copolymer until the copolymer 
on said suture or ligature comprises from about 1/10 to 5% by weight of the coated suture or ligature; 
removing said coated suture or ligature from said dissolved copolymer; and 
drying the copolymer coating on said suture or ligature. 
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<§) Bloabsorbable coating for a surgical article. 

@ A bloabsorbable coating for a surgical article comprises a 
copolymer manufactured from the monomer caprolactone and 
at least one other copolymerizable monomer. The surgical 
article can be a bioabsorbable suture or ligature. 
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